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I.  Introduction 
During the last twenty years before the Crisis, Indonesia’s gross domestic product (GDP) grew 
at relatively high rates which averaged at 6.59 percent annually within the period of 1976-
1996. This high growth had been supported mainly by the rapid growth of manufacturing 
sector that grew, on average, at 13.53 percent annually within the same period. This kind of 
development had direct consequence on the structural changes of the economy. The role of 
manufacturing sector had become more important while other traditional sectors particularly 
agriculture had become less important within that period and possibly true for the next period. 
Its contribution to GDP had increased from 8.9 percent in 1975 to 24.3 percent in 1995. 
  In the midst of increasing attention to the possible relation between growth and the 
environmental quality both at national and international level and given that the development 
of the sector is necessary for creating employment and raising income, we need to observe the 
relation  between  the  growth  of  the  Indonesian  manufacturing  sector  and  its  effect  on  the 
environment. In our case, particular attention will be focused on the emission of greenhouse 
gases (emitted from the use of energy as an input in production process) as the sources of 
global warming which is now an increasingly important topic in international debates. At the 
macro or sectoral level, there are three primary channels through which the expansion of output 
may affect the environmental quality; scale effect, composition effect, and technological effect. 
Scale effect arises from the environmental consequences of output growth, holding both the 
composition  of  outputs  produced  and  technologies  employed  in  production  constant. 
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Composition effect arises from the change in the environmental characteristics of the basket of 
output produced, holding the scale of economic activity and production technologies constant. 
Technology  effect  arises  from  the  change  in  pollution-intensity  of  production  processes, 
holding the scale of economic activity and the composition of output constant. 
The rapid growth of the manufacturing sector has been followed by the changes in its 
industrial composition. Some industries such as textiles and wood products grew faster than the 
others making shares of the former increased while that of the latter decreased. Part of this 
changes is the result of government protection policy that intentionally directs the growth of 
certain industries more than the others, and the other part is caused by external conditions that 
expand Indonesian exports to the industrialized countries either due to comparative advantages, 
foreign direct investments and perhaps due to special treatment given by trade partners like, for 
example, GSP facility. 
Increasing manufacturing output has certainly led to an increase in its  demand for 
inputs; labor, energy and capital. Possible substitutability or complementarity between inputs 
and technological change, however, may cause these increases unproportional. Consequently, 
unproportional increase in inputs demand will cause the inputs ratio at equilibrium to change. 
Energy intensity therefore  will also change across the  period. Viewed from environmental 
perspective, changes in energy intensity should be followed by a change in pollution intensity 
i.e. a change in the amount of emissions of pollutants per unit of output. But since energy itself 
consists of several types of energy sources with different emission factor we will have different 
changes in pollution intensity for different types of pollutants. 
The main purpose of this paper is to analyze the relation between the development of 
manufacturing sector, its compositional changes, its demand for energy and their consequence 
on the emission of greenhouse gases. Various policies which affect the development of the 
sector will also be discussed. These policies are particularly related to trade policies, exchange 
rates  and  other  policies  affecting  the  development  of  foreign  direct  investment.  All  these 
policies are believed to have impacts on the expansion of output, industrial composition and 
technical changes in the manufacturing sector during the period of analysis. (Budiono, 2000). 
   4 
II. Economic Model  
The problem in the manufacturing sector is basically approached by a model of production 
function with multiple outputs and multiple inputs. Formulation of this kind of technology has 
been used widely by economists and its adoption for empirical studies has been overwhelming. 
For references  of  the specification  and implementation of this kind of  technology  see,  for 
example,  Mundlak  (1964),  Lau  (1972),  Hall  (1973),  Berndt  and  Christensen  (1973), 
Christensen, Jorgenson, and Lau (1973),  Berndt and Wood (1975), Denny and Pinto (1978), 
and Kohli (1978). 
The  Indonesian  manufacturing  sector  is  assumed  to  be  small  relative  to  international 
markets so that government policies do not affect international prices of output and inputs of 
the sector. The sector consists of four industries each using the same category of inputs to 
produce a certain level of output. The inputs consist of primary inputs, capital and labor; and 
secondary input of energy. Labor is mobile across industries and is elastically supplied, while 
capital is specific to each industry and its supply is fixed in the short run.
3  Energy input can be 
supplied elastically either from within the manufacturing sector (inter industry flow) or from 
outside the sector (non-manufacturing or abroad). It is assumed in this case that the producers 
take the inputs and outputs prices as given and determine the amount of inputs to produce a 
given level of output to minimize production costs. This costs minimization leads to what so 
called derived demand for inputs as function of output and input prices. 
Mathematically,  we  adopt  the  general  model  of  profit  maximization  that  is  called 
restricted profit function, which in special cases reduces to the cost function, a maximum 
revenue function, or an unrestricted maximum profit function (see McFadden, 1978). 
The problem of the maximization of short-run restricted profit function is defined as 
follows: 
 
        Max  Π  =  p Y w X j j j i i i ∑ ∑ −                                                                              (1) 
                         s.t.    F Y X K t ( , , ; ) = 0                               
                                                            
3 In practice, the distinction between specific and mobile factors is not a sharp line. It is a matter of the speed 
  of adjustment, the more specific the factor, the longer it takes to reallocate them between industries.   5 
where pj is unit price of output j, Yj is quantity of output j 
wi  is the unit price of input i, and Xi is the quantity of variable input i 
F Y X K t ( , , ; ) = 0  is the transformation function
4, with Kj and t are fixed. Kj is amount of 
capital specific to industry j. 
Subject to the transformation and given output and variable input prices, p and w,  and 
given fixed inputs K, and technology, the manufacturing sector maximizes 
 
Π  =  p Y w X j j j i i i ∑ ∑ −  -  µ  F Y X K t ( , , ; )                                                          (2) 
By deriving Kuhn-Tucker conditions and  solving for the variable quantities and then plugging 
the optimal variable quantities to the profit function we have the maximum profit function as 
function of prices, specific capitals and technology. This maximized value of  Π is the profit 
function Π ( , , , ) p w K t  and is given by: 
max Π  =  p Y w X j j j i i i
* * ∑ ∑ −  =  Π ( , , , ) p w K t                                                         (3) 
where * signifies the optimized value and p and w are the vector of output and input prices 
respectively. From (2.3),  by using Shephard’s lemma, we obtained supply of outputs and 
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For our specific purpose in this paper, we limit our problem into a special case where output is 
given.  This  case  allows  us  to  focus  on  the  analysis  of  the  impact  of  a  change  in  output 
composition, inputs prices and technology level on the demand for energy in all sector. Since   6 
energy  is  a  common  factor  we  then  can  sum  up  the  total  demand  for  energy  in  the 
manufacturing sector. Again, since each quantity of energy consumed is associated with the 
emission of some air pollutants, therefore by summing up energy consumption we will have 
the total amount of air pollutants emissions.   
 
 
III. Manufacturing sector: its development and industrial composition. 
 
3.1. Development of the manufacturing output 
  During  the  period  of  1976-1996,  manufacturing  output  grew  at  a  higher  speed 
compared with other sectors in the economy. It grew at an average rate of 13.53 per cent 
annually, exceeding the growth rate of gross domestic product (GDP) which averaged at 6.57 
per cent per annum for the same period. Manufacturing output growth was particularly higher 
in second-half of period. During the period of 1976-1986 it grew at a rate of 10.28 percent 
annually, while for the period of 1987-1996 it was 16.79 percent per year. This relatively faster 
growth of manufacturing sector has caused its contribution to GDP increased from 8.9 per cent 
in 1975 to 24.3 per cent in 1995 (ADB, 1996).  
A number of reasons can be put forward to explain this rapid growth of manufacturing 
sector; high contribution of foreign direct investment as well as domestic investment allocated 
to the sector, government protection policies and favorable exchange rate policy for domestic 
industries,  and  the  growth  of  labor  supply  in  this  sector.  For  Indonesia,  endowed  with 
underutilized abundant natural resources at the beginning of new order era (second-half of 
1960s) and the lack of human resources, inviting foreign capital was the most important way  
to  grow  its  economy.  In  addition,  sufficient  incentives  have  also  been  given  to  domestic 
investors in order for them to take part in the process of industrialization. At the same period 
population growth and increasing number of more educated people supported by government 
policies pertaining to human resource development have increased the supply of factors of 
production to the sector.  
                                                                                                                                                                                         
4 This is sometimes called the joint production function or the production possibility frontier (Lau, 1972)   7 
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In addition, favourable external conditions have also contributed to the development of 
the sector whose outputs are partly exported. Value of exports, for instance, has grown at the 
rate of 9.61 percent annually within the period of 1978-1995. This relatively high growth of 
export took place mainly within the period of 1987-1995 that grew at 13.30 percent annually, 
compared with that of 5.46 percent within the period of 1978-1986. This rapid export growth 




3.2. Industrial Composition  
High  growth  of  manufacturing  sector  has  been  accompanied  by  the  changes  in  its 
industrial composition. Based on industrial classification made for this study, two important 
changes are interesting to note during the period of 1981-1996 ; their growth and the pattern of 
industrial changes. On average, the growth of textile industry and wood industry exceeded the   8 
growth of total manufacturing output while those for chemical industry and other industry were 
lower. This kind of growth has made the share of the former industries increased while the 
latter were decreased. In terms of real share i.e. measured in constant prices, the share of textile 
industry (ISIC 32) has nearly doubled from 11.79 per cent in 1981 to 22.26 percent in 1996, 
while at the opposite side, chemical industry (ISIC 35) has nearly halved during that period. Its 
share has fallen from 22.15 percent in 1981 to 12.35 percent in 1996. 
Different pattern of changes were experienced by two other industries. Although on 
average wood industry (ISIC 33) grew faster than the remaining industries (Others), in the later 
part of the period, however, wood industry grew slower than the latter. In real terms, the share 
of wood industry increased within the period of 1981-1991 which then followed by a decrease 
afterward. On the other hand, opposite changes could be observed for Others. An increasing 
share of wood industry was followed by a decreasing share in others, while decreasing share of 
the former was followed by an increasing share of the latter. 
Viewed  from  international  trade  structure,  increasing  shares  of  textile  and  wood 
industries in total manufacturing output had been caused by expansion of exports for these 
industries. Exports share of plywood industry to total exports has increased from 0.72 percent 
in 1981 to 10.62 percent in 1990 which then decreased to 7.62 percent in 1995. While share of 
miscellaneous manufactured goods exports in which textile products are included has increased 
from 0.54 percent in 1981 to 10.48 percent in 1990 and increased further to 17.34 percent in 
1995. No significant changes, however, have been observed for chemicals and the remaining 
industries in Indonesian trade structure. Their shares in total exports and total imports remain 
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                     Table 1 
      Shares of Output at 1983 Constant Prices (%) 
  ISIC 32  ISIC 33  ISIC 35  Others  Total 
Year           
           
1981  11.79  5.66  22.15  60.40  100.00 
1982  11.50  6.89  17.79  63.82  100.00 
1983  11.39  7.70  17.56  63.34  100.00 
1984  13.34  8.26  18.06  60.34  100.00 
1985  12.34  9.05  20.34  58.27  100.00 
1986  13.60  9.84  18.02  58.53  100.00 
1987  14.20  11.94  16.81  57.06  100.00 
1988  14.85  13.53  16.29  55.34  100.00 
1989  16.83  12.54  14.71  55.92  100.00 
1990  17.21  12.10  15.45  55.23  100.00 
1991  19.22  13.01  14.80  52.97  100.00 
1992  22.16  11.74  14.94  51.16  100.00 
1993  23.21  10.42  11.61  54.76  100.00 
1994  24.68  10.03  12.29  53.00  100.00 
1995  22.92  8.78  11.62  56.68  100.00 
1996  22.26  7.63  12.35  57.77  100.00 
           
Source: CBS, Large and Medium Manufacturing Statistics 
Legend:  ISIC32 = textiles; ISIC33 = woods; ISIC35 = chemicals;  
 






















































































ISIC 32 = Textiles Industry
ISIC 33 = Woods Industry
Industry
Figure 2






All these figures show that the aforementioned government policies have strengthened 
the comparative advantage proposition of international trade theory and the Kojima’s thesis on 
the  trade-oriented  characteristic  of  Japanese  direct  foreign  investment  and  the  anti-trade 
characteristic of Western’s (particularly U.S.) direct foreign investment. Trade liberalization 
and favourable exchange rates have encouraged the growth of industries in which Indonesia 
has  cheap  inputs.  Japanese  and  other  NICs  direct  foreign  investments  have  been  put 
particularly in these industries, while on the other hand, U.S. and other western-based direct 
foreign investments have been put in import-substitution industries.  
 
   
3.3.   Energy consumption in manufacturing sector 
  Following the rapid growth of manufacturing sector, energy consumption in this sector 
has also grown rapidly.  Within the  period of 1981-1996,  in  terms of real energy  measure 
(terajoule), it grew at average of 13.82 percent annually, compared with 15.67 per cent of   11 
growth rate of output for the same period. In terms of expenditure, the growth rate was even 
larger i.e. at 25.58 percent a year for the period of 1977-1996 indicating a relatively rapid 
increase of energy price. This energy consumption was derived, according to our classification, 
from four types of energy sources ; solid, liquid, gas and electricity which are used in different 
ways according to their relative prices and available technology. 
There has been changes in the composition of energy sources used in the manufacturing 
sector (see figure 3). Liquid energy sources like gasoline, fuel oil, kerosene and diesel oil 
experienced decreasing importance in the total energy consumption to be replaced by other 
types of energy sources. Its share as a source of energy consumption in manufacturing sector 
decreased from 78.28 percent in 1981 to 39.07 percent in 1996. At the same time the role of 
other types of energy source have increased rapidly. Natural gas, for example, has increased its 
contribution to total energy consumption from 7.75 percent in 1981 to 17.67 percent in 1996, 
while electricity and solids have increased from 10.30 percent and 3.67 percent in 1981 to 
28.35 percent and 14.90 percent in 1996, respectively. 
 
Figure 3
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From  environment  perspective,  given the  available  technology, these  share  changes 
have two possible net effects on the quality of the environment, depending on their respective 
emission factors. The decreased share of liquids for a given level of energy use is obviously 
advantageous to the environment. But its net effect depends on the sum of other types of 
energy sources which all increase but having different emission factors. Gas and electricity 
have lower emission factors than liquids but solids has higher emission factors. Therefore to 
calculate their net effect we need to convert their equivalent energy measure into emissions by 
multiplying it with emission factor per energy equivalent.  
 
3.4.   Emissions of Greenhouse Gases 
  Emissions  of  greenhouse  gases  have  become  increasingly  international  concerns 
particularly  because  of  their  presumed  effect  on  the  global  warming.  This  refers  to  an 
‘enhanced  greenhouse  effect’  or  a  rise  in  global  earth’s  temperature  due  to  increasing 
anthropogenic  emissions  of  greenhouse  gases.      Given  the  current  state  of  debate  on  the 
possible impact of global warming on human welfare and the costs and benefits to reduce the 
emissions  of  greenhouse  gases,  we  assume  that  given  limited  carrying  capacity  of  the 
environment  to  absorb  and  destroy  pollutants,  any  addition  of  significant  amount  of 
greenhouses gases and other pollutants into the environment will have damaging effect on 
human welfare, at least in the short run or immediate impact as man is exposured to these 
pollutants. The use of energy in machines combustion and production processes, for example, 
beside produces undesirable gases like CO, CO2 and NOx that may damage respiratory system 
also creates noisy and uncomfortable breathing that directly affects human welfare.  
  It has been  assumed that  the emissions of greenhouse gases, given technology and 
chemical contents of energy sources, are directly related to the consumption of energy resulted 
from human activities. We ignore emissions of greenhouse gases caused by natural forces and 
activities outside manufacturing process although they may create significant amount of certain 
greenhouse gases like CO2 by the process of photosynthesis and residential development and 
mining activities.    13 
Given  emission  factors  for  different  types  of  energy  sources  taken  from 
Intergovernmental Panel on Climate Change (IPCC) we calculate the amount of greenhouse 
gases emitted by the manufacturing sector. The calculation is based on the amount of energy 
consumed  by  the  sector  distinguished  by  its  respective  sources  and  emission  factors.  The 
calculation is carried out through two steps; first, converting the amount of energy source 
consumed into one common unit of energy measure i.e. terajoule using net calorific value 
adapted from the IPCC publication. Second, converting energy unit obtained in the first step 
into emissions by multiplying each with respective emission factor. 
  For example, every kilotonnes of hard coal is equivalent to 25.75 terajoule of energy. 
And  the  carbon  emission  factor  for  hard  coal  is  26.1  ton  carbon/  terajoule.  Therefore  the 
amount of carbon dioxide  (CO2) emitted by every kilotonnes of hard coal consumption is  
44/12  x  26.1 ton  =  95.7  ton. Here, 44 is the weight of CO2 molecule and 12 is the weight of 
carbon atom.
5 By the similar procedure, the amount of NOx released by  every kilotonnes of 
coal is  25.75 x  300  =  77.25 kg  , where  300 kg/terajoule is NOx emission factor for coal.  
The  same  procedure  can  be  used  to  calculate  emissions  of  other  greenhouse  gases  from 
different types of fuels.   
  Table 2 shows the amount of different greenhouse gases emitted by the manufacturing 
sector and their growth during the period of 1981-1996. The amount of emission is the sum of 
emission from four types of energy source (fuels) namely coal, gas,  fuel oil and diesel oil  
consumed  by  the  manufacturing  sector.  The  limitation  to  four  types  of  fuels  is  due  to 
unavailability of emission factors for all greenhouse gases by type of energy source used in the 
sector. Only emission factors of carbon are available for all types of energy source. 
 
3.5. Formula to Calculate the Emissions    
  Given  energy  consumption,  we  calculate  the  total  amount  of  emission  using  the 
following formula: 
 
                                                            
5 The calculation of amount of gas emission  using the weight of its molecule in its formulation only applies to 
carbondioxide (CO2). Calculation for other greenhouse gases are done by directly multiplying their emission 
factors with their energy-equivalent consumption in the manufacturing sector.   14 
                   G F E i i j j
j
=∑ .                                                                                            (6)                                                               
where: 
           Gi   is the total  amount of emission of greenhouse gas i. 
           Fij  is the emission factor of greenhouse gas i  per terajoule equivalent of energy   
                  from energy source j.
6 
           Ej   is the equivalent amount of energy consumed from energy source j. 
 
  Using the formula above we derive the total amounts of selected greenhouse gases 
emitted by the manufacturing sector during the period of 1981-1996 as can be seen from the 
following table. This is the sum of equivalent emissions from the use of energy source by the 
sector and the equivalent emissions from the electricity bought by the sector from outside the 
sector.  It  is  shown  that  some  greenhouse  gases  grew  faster,  on  average,  than  the  energy 
consumption did while some other gases grew slower. Methane (CH4), Carbon Monoxide (CO) 
and Non-Methane Volatile Organic Chemicals (NMVOC) were three greenhouse gases which 
grew faster than energy consumption did, while Carbon dioxide (CO2), Nitrogen oxide (NOx) 
and Nitrous oxide (N2O) grew slower. This different rate of growth is due to the changes in the 
composition of energy source used by the sector which may reflect changes in the technology 
production within the manufacturing sector. As consequence of this different rates of growth, 
emission intensity per unit of energy used would also change. Table 3 shows the changes in 
emission intensity per unit of energy. Emission intensity for carbon dioxide, nitrogen oxide and 
nitrous  oxide  have  been  declining  over  the  period  of  1981-1996  while  the  other  three 
greenhouse gases have been increasing. Emission of carbon monoxide has so far grown very 
fast that make its intensity doubled during that period. 
                                                            
6 For energy derived from electricity bought by the industries, the calculation of emissions is done by using 
emission factor per megawatt hours produced by state-owned electricity company (PLN) from which the 
industries bought electricity. It is the average amount of fuels, lubricants, gas and other energy sources used to 
generate per unit MWH electricity. The amount is then converted into equivalent energy measure to calculate the 
amount of greenhouse gases released per MWH. This is then multiplied by the amount of electricity bought by the 
industries in the sector to calculate the associated emissions of the gases bought by the sector. Due to data 
limitation, we have only five actual emission factor for electricity namely for 1990-1994 which are decreasing. 
For the calculation of emissions of 1990 backward we apply emission factor of 1990, and for 1995 and 1996 
emission we use the emission factor of 1994.    15 
 
Figure 4
Average Growth Rate of Output, Energy Consumption, and Greenhouse Gases 
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Table 2 
Total Emissions and Their Growth of Selected Greenhouse Gases From L/M Manufacturing Sector, 1976-1996 
























Year                         
                         
1981  6975430    242711    18592908    1666872    55063    526457   
1982  8154600  16.905  286681  18.116  21714430  16.789  2069115  24.132  65341  18.666  627292  19.153 
1983  7771691  -4.696  296812  3.534  20790834  -4.253  2307401  11.516  62766  -3.940  628892  0.255 
1984  7235925  -6.894  277752  -6.421  19398441  -6.697  2263573  -1.899  59887  -4.588  598782  -4.788 
1985  11325352  56.516  473708  70.551  30152876  55.440  3461576  52.925  84535  41.157  909432  51.880 
1986  10385538  -8.298  382611  -19.231  27848519  -7.642  3010618  -13.028  85784  1.478  838823  -7.764 
1987  11491981  10.654  470232  22.901  30709666  10.274  3642214  20.979  89922  4.824  943559  12.486 
1988  13280314  15.562  567437  20.672  35698622  16.246  4730463  29.879  107286  19.310  1144584  21.305 
1989  15977376  20.309  738990  30.233  43130803  20.819  6457709  36.513  129600  20.799  1446289  26.359 
1990  18023601  12.807  747341  1.130  48803778  13.153  6682575  3.482  154819  19.460  1598860  10.549 
1991  19185579  6.447  879245  17.650  49651681  1.737  7918974  18.502  150358  -2.882  1708648  6.867 
1992  26622492  38.763  1344119  52.872  70083656  41.151  11723999  48.049  200377  33.267  2435661  42.549 
1993  25529003  -4.107  1159696  -13.721  66806412  -4.676  9628901  -17.870  192968  -3.697  2193309  -9.950 
1994  26828552  5.090  1391834  20.017  71460712  6.967  13018078  35.198  214539  11.179  2594099  18.273 
1995  30709991  14.468  1795303  28.988  83457147  16.787  18908423  45.247  268418  25.113  3380594  30.319 
1996  34294114  11.671  1968130  9.627  92801664  11.197  19880161  5.139  288434  7.457  3641912  7.730 
                         
    12.346    17.128    12.486    19.918    12.507    15.015 
                         
 
Source :  Calculations   16 
                                              Table 3 
          Emission Intensity per unit consumption of energy in Indonesian  
                               Manufacturing Sector, 1981-1996  
 














Year               
               
1981  68.042  2.368  181.365  16.260  0.537  5.135  9.786 
1982  68.204  2.398  181.618  17.306  0.547  5.247  10.953 
1983  66.566  2.542  178.077  19.763  0.538  5.387  10.015 
1984  65.044  2.497  174.374  20.347  0.538  5.382  8.371 
1985  63.496  2.656  169.053  19.407  0.474  5.099  8.937 
1986  66.721  2.458  178.911  19.341  0.551  5.389  7.243 
1987  62.107  2.541  165.968  19.684  0.486  5.099  7.676 
1988  60.820  2.599  163.488  21.664  0.491  5.242  7.502 
1989  59.546  2.754  160.743  24.067  0.483  5.390  7.553 
1990  60.687  2.516  164.325  22.501  0.521  5.383  7.040 
1991  58.324  2.673  150.941  24.074  0.457  5.194  6.765 
1992  58.076  2.932  152.885  25.575  0.437  5.313  8.004 
1993  58.546  2.660  153.209  22.082  0.443  5.030  6.483 
1994  56.581  2.935  150.708  27.455  0.452  5.471  6.470 
1995  58.153  3.40  158.037  35.806  0.508  6.402  6.358 
1996  56.763  3.258  153.602  32.905  0.477  6.028  6.035 
 
Source:  Calculations 
   17 
     




































IV.  Energy Intensity, Emission/Pollution  Intensity and Evaluation on Their 
          Presumed Effect on the Environment. 
 
If  we  relate  the  changes  in  emission  intensity  per  unit  of  energy  to  energy 
intensity per unit of output we will have immediate impact that pollution intensity per 
unit of output of the manufacturing sector will definitely change. We observe that energy 
intensity per unit of output at constant price has decreased from 9.7862 terajoule per Rp. 
billion of output in 1981 to 6.0348 terajoule in 1996  (last column of table 3). But since 
emission intensity for some greenhouse gases have increased while for some others have 
decreased, the pollution-intensity  per unit of output may decrease for some gases and 
may increase for others. The summary is given in the following table (Table 4). From the   18 
table we observe that emission- (pollution-) intensity for five out of six of greenhouse 
gases have decreased and only for carbon monoxide the intensity has increased. 
Up  to  this  point,  however,  we  cannot  conclude  whether  the  growth  of 
manufacturing sector that leads to the growth of demand for energy by the sector is 
damaging or not to the environmental quality, unless we are able to measure the single 
index of environmental quality changes from the emissions of the greenhouse gases. In 
the case where global warming is one of concerned,  there is a need to make an index that 
measures relative total effect on warming potential of greenhouse gases. To do this there 
are, at least, three factors—that complicate the making of a single index-- to consider 
namely  ‘radiative  forcing’,  atmospheric  residence  times,  and  chemical  interactions 
(Smith et al, 1993). The release of a GHG results in increased warming because of the 
radiative forcing of the gas molecules in the atmosphere. To quite varying degrees, the 
different  GHG  molecules  act  to  make  the  atmosphere  retain  additional  amounts  of 
reradiated solar energy, thereby leading to warming. Relative to CO2, for example, a 
methane (CH4) molecule in the atmosphere has a radiative forcing about 21 times higher 
and that for a molecule of N2O is 10 times higher still. 
Atmospheric residence times refers to the length in years of a GHG be removed 
from  the atmosphere. Some  are  removed  from  the  atmosphere  in  a  few  years,  while 
others  take  hundreds  of  years.  Estimated  atmospheric  residence  times  for  CO2,  for 
example, is 120 while for CH4 and N2O are 10 and 150, respectively. Thus, for the same 
amount  of  emissions,  different  GHGs  have  different  total  impact  throughout  their 
lifetime. 
In addition to radiative forcing and lifetime, chemical reactions of the gases need 
to be taken into account to measure their relative total effects. Several types of chemical 
interactions are important: 
(i)  Some  GHGs  and  non-GHGs  change  into  other  GHGs,  as  methane  (a  GHG)  and 
carbon monoxide (a non-GHG, a precursor) change eventually into CO2. 
(ii)   Some non-GHGs act to increase the lifetime of GHGs, as carbon monoxide does for 
methane, giving them a GHG equivalence even though not being GHGs themselves. 
(iii) Some  GHGs  as  well  as  non-GHGs  affect  the  creation  of  tropospheric  (lower 
atmosphere) ozone, a powerful GHG.   20 
                                                                 Table 4 
Energy Intensity and Pollution Intensity of Indonesian Manufacturing Sector,  
                                         Unit / Rp.billion *), 1981-1996 
















Year               
               
1981  9.786  665.873  23.174  1774.874  159.124  5.255  50.252 
1982  10.953  747.059  26.266  1989.316  189.558  5.991  57.472 
1983  10.015  666.665  25.458  1783.459  197.928  5.388  53.951 
1984  8.371  544.47  20.902  1459.650  170.321  4.503  45.052 
1985  8.937  567.432  23.735  1510.742  173.431  4.236  45.567 
1986  7.243  483.227  17.802  1295.763  140.077  3.991  39.030 
1987  7.676  476.746  19.505  1274.004  151.098  3.731  39.141 
1988  7.502  456.259  19.497  1226.454  162.519  3.683  39.324 
1989  7.553  449.727  20.800  1214.028  181.768  3.648  40.709 
1990  7.040  427.218  17.712  1156.799  158.400  3.668  37.895 
1991  6.765  394.562  18.083  1021.116  162.861  3.092  35.137 
1992  8.004  464.817  23.467  1223.630  204.692  3.498  42.523 
1993  6.483  379.565  17.245  993.285  143.162  2.872  32.610 
1994  6.470  366.090  18.990  975.111  177.639  2.925  35.398 
1995  6.358  369.743  21.618  1004.815  227.658  3.230  40.705 
1996  6.035  342.553  19.661  926.957  198.575  2.879  36.378 
 
*) at 1983 constant prices 
    Source:   Calculations 
 
V. Econometric Estimation 
     To supplement our descriptive analysis and to identify quantitatively factors that affect 
energy intensity in the manufacturing sector we regress energy-intensity on shares of 
three  industries  in  total  output  of  manufacturing  (i.e.  textile,  wood,  and  chemical), 
relative  price  of  energy  with  respect  to  wage,  output  growth,  and    technology  level 
(proxied by real cumulative expenditures on research and technology by the government 
sector). Below are the econometric results given by Eview’s output. 
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Dependent Variable: EY 
Method: Least Squares 
Variable  Coefficient  Std. Error  t-Statistic  Prob.  
C  1.987978  0.418444  4.750880  0.0010 
S32  0.198696  1.416047  0.140318  0.8915 
S33  -2.279441  0.846974  -2.691278  0.0247 
S35  -2.362981  1.559627  -1.515094  0.1641 
PE_W  -0.150477  0.074016  -2.033017  0.0726 
YG  0.002933  0.001874  1.565060  0.1520 
T  -0.141873  0.050639  -2.801657  0.0207 
R-squared  0.889576     Mean dependent var  0.802188 
Adjusted R-squared  0.815960     S.D. dependent var  0.145290 
S.E. of regression  0.062329     Akaike info criterion  -2.413137 
Sum squared resid  0.034964     Schwarz criterion  -2.075129 
Log likelihood  26.30509     F-statistic  12.08404 
Durbin-Watson stat  2.340295     Prob(F-statistic)  0.000731 
 
From  that  result  we  can  conclude  that  structural  change  (change  in  output 
composition) in the manufacturing sector; energy price, output growth, and technology 
have  significant  effect  on  energy-intensity  of  the  sector.  The  increases  in  wood  and 
chemical industry, energy price, and technology affect negatively the energy-intensity, 
while increase in textile industry has increased the energy-intensity of the manufacturing 
output. 
One  important  implication  from  the  result  above  is  that  energy  price  and 
technology level have very significant effect so that the management of these variables in 
government policy should be given special attention. 
 
                                                   
V.  Concluding Remarks and Policy Implication 
 
1.     Given the characteristic of demand for energy in the manufacturing sector and 
given  the  emission  factors of energy  sources used in the sector, we arrive  at  the 
following results. The greenhouses gases have grown during the period of 1981-1996, 
on average, at the rates between 12.346 and 19.918 percent, annually depending on 
the type of gas. Emission of carbon monoxide has been the fastest during that period 
while carbon dioxide has been the lowest in terms of growth out of six greenhouse 
gases under consideration. 
2.   Although the rapid growth of manufacturing sector has been followed by the rapid 
growth  of  energy  consumption  and  emission  of  greenhouse  gases,  the  pollution-  22 
intensity of the manufacturing sector has generally decreased. Only one out of six 
greenhouse  gases  has  increased  the  pollution-intensity  of  the  sector,  i.e.  carbon 
monoxide. 
3.   Given mixed growth rates of the six GHGs under study, we are unable, however, to 
conclude  their  net  effect  on  the  environmental  or  health  quality.  This  is  because 
different  gases  have  different  characteristics  that  may  influence  the  state  of 
environmental quality. The total impact of these gases will be determined by at least 
three  factors;  radiative  forcing;  atmospheric  residence  times;  and  chemical 
interactions  of the gases that may complicate the making of a single index. 
4.   Finally, given direct relationship between energy consumption and the emission of 
greenhouse gases, and given proportional relation between the increasing emission of 
greenhouse gases and the deteriorating environmental quality, we conclude that the 
energy intensity and pollution intensity have been decreasing during the period of 
study, however, indicate the positive relative effect on the environmental quality in 
the long run.  
5.   In  order  to  encourage  more  environmentally-friendly  growth  of  output,  the 
government should pay a particular attention on the management of energy price and 
the improvement of technology. The increased of energy price and technology have 
made the sector adopted production method that more efficient in energy use and 
therefore less emission of greenhouse gases. Any policy that lower energy price will 
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